The organizational memory literature has compared social sources to documentary archives as potential sources of knowledge that decision makers can use when they seek information needed to carry out business activities, but has not considered how an individual's personal stock of relevant knowledge will shape the benefits of such organizational sources of knowledge. This study considers how social interaction, access to documents, and personal knowledge directly and jointly contribute to individual task performance. A multi-stage laboratory experiment finds that task performance increases most when decision makers can talk with colleagues and then from drawing on their own personal knowledge, while books offer benefits only if people lack colleagues and/or personal knowledge. In turn, social interaction and personal knowledge become more important as tasks became more complex. When available in combination, meanwhile, multiple knowledge sources generate only diminishing marginal returns.
Introduction
T he organizational learning literature suggests that people can gain access to the knowledge they need to accomplish current business tasks via social interactions with other people and from documentary access to formal archives such as written records (Huber, 1991; Walsh and Ungson, 1991; Argote, 1999; Olivera, 2000; Mitchell and Trinh, 2007) . Several studies suggest that access to knowledge from social sources such as friends and co-workers provides substantial value for task performance, while access to archival sources such as books and on-line records provides limited value when there are no people attached to the archives (Ackerman, 1996; Hansen, 1999; Hansen et al., 1999; McDermott, 1999; Olivera, 2000; Hansen and Haas, 2001 ). However, the existing research has two limits. First, the work under-emphasizes how an individual's personal stock of relevant knowledge affects the benefits of documentary archives and social sources. By contrast, psychological studies suggest that individual stocks of knowledge based on cognitive abilities and education improve task performance (Spearman, 1927; Stenberg, 1979; Arvey, 1986; Aguinis and Kraiger, 2009) . Second, studies typically treat different sources of knowledge independently, without considering the joint effects of multiple knowledge sources (Olivera, 2000; Järvelin and Ingwersen, 2004; Ingwersen and Järvelin, 2005) . This study compares the independent and joint benefits of personal knowledge, social interactions, and documentary sources of knowledge under varying levels of task complexity.
Three literatures offer insights that help assess how individuals' access to different knowledge sources might contribute to task performance, where task performance is the ability to complete a task successfully. First, the information use literature identifies information seeking as a pragmatic process whereby individuals strive to achieve task goals while attempting to minimize work effort (Gerstberger and Allen, 1968; Järvelin and Ingwersen, 2004) . The logic of minimizing work effort explains why people in the workplace often prefer social interaction to computer technology or other documentary sources of information (Bystrom and Järvelin, 1995; Dennis, 1996; Bystrom, 2002; Borgatti and Cross, 2003) . Second, the transactive memory literature provides insights on how people can benefit from social sources of knowledge, where transactive memory is the process whereby people remember things in relationships and groups (Wegner, 1986; Hollingshead, 1998a) . This work argues that social interaction helps individuals gain useable access to relevant knowledge (Hollingshead and Brandon, 2003) , where relevant knowledge is information that is potentially applicable to a problem or opportunity. This logic reinforces current arguments in the information use literature, which initially focused on formal archives as key sources of relevant task knowledge (Watson, 1994; Macias-Chapula, 1995; Frost, 1997) , but more recently stresses the importance of social interactions (Ackerman, 1996; Ackerman and Halverson, 2000; Ackerman and McDonald, 2000; Cross and Prusak, 2003) . Third, the knowledge management literature suggests that documentary sources of knowledge can carry great value for individuals who lack personal knowledge and/or lack access to knowledgeable people (Yates, 1990; Foray and Steinmueller, 2003) . Hence, when they are available, personal knowledge and social sources of knowledge may dominate documentary sources of knowledge, but documentary sources are critical when personal and inter-personal sources are lacking.
These literatures provide the base for a focal set of predictions as well as additional exploratory analysis. We expect personal and social sources to contribute more than documentary sources to task performance, with some residual value for documentary sources when personal or social sources are limited. In turn, we expect the relative value of personal and social sources to increase with task complexity. In addition, we expect diminishing returns from multiple sources of knowledge, at least when decision makers face substantial time pressure.
We test the predictions with a multi-stage experiment that simulates an important business task in both individual and small group settings. The experiment controls the scope of knowledge that individuals require to accomplish their tasks and the time constraints that they face, ensuring that we can assess how each individual can benefit from having access to personal, social, and documentary sources of knowledge. The task itself is a multi-disciplinary evaluation of a business plan, which is a business activity that requires knowledge beyond the scope of any individual's knowledge. The experimental setting allows us to vary the major factors that we expect to affect individual task performance, including personal knowledge, access to other knowledgeable people, and access to relevant documentary sources. The setting also allows us to assess alternative explanations such as motivation, coordination, credibility, expertise, and degree of time constraints, while using random assignment of participants to control for other factors such as age, background, and experience. The experimental approach is relevant to studying organizational learning because individual task activity is the basic building block of organizational activity and performance (Walsh and Ungson, 1991) . This paper reports the first controlled examination of the joint effects of the three potential sources of task information, including a decision maker's personal knowledge and the two sources of organizational knowledge. We find that task performance increases most when decision makers can talk with colleagues and then from drawing on their own personal knowledge, while books offer benefits only if people lack colleagues and/or personal knowledge. In turn, social interaction and personal knowledge become more important as tasks became more complex. When available in combination, meanwhile, multiple knowledge sources generated only diminishing marginal returns. We will return to these points in the discussion section.
Conceptual background and hypotheses
The information seeking process The literature on information seeking provides three insights for our research. First, people routinely attempt to minimize work effort while working on organizational tasks, thereby limiting their information seeking activities (Gerstberger and Allen, 1968; Järvelin and Ingwersen, 2004) . During the process of performing their tasks, people tend to recall familiar heuristics about sourcing the information needed for the task and will follow these heuristics (Simon, 1990) in order to retrieve information from their personal stock, documentary sources, and social sources as long as these sources can augment their task performance quickly (Bystrom, 2002) .
Second, organizational tasks require three types of information: problem, domain, and problem-solving information (Bystrom and Järvelin, 1995; Aiwis et al., 2006) . Problem information reflects the structure, properties, and requirements that a problem presents; domain information refers to known facts, concepts, laws, and theories in the domain of the problem; and problem-solving information refers to methods that view, formulate, and solve the problem (Bystrom and Järvelin, 1995) . Bystrom (2002) suggests that the three information types vary by their locations. Problem information resides in the problem environment (available either from documentary or social sources); domain information in the journal articles and books (available from documentary sources); and problemsolving information in the heads of knowledgeable people (available from social sources) (Bystrom, 2002) . Moreover, knowledgeable people who previously worked with problem and domain information may be able to recall information from within their heads without consulting documents or referring to social sources.
Third, organizational tasks typically consist of three types: automatic information processing tasks, normal information processing tasks, and decision tasks (Bystrom, 2002) . These tasks vary by an increasing level of complexity, with automatic information processing tasks being the simplest and decision tasks being the most complex. With automatic information processing tasks, people can typically draw on relevant knowledge from their personal stock. By contrast, with normal information processing and decision tasks, people will likely require relevant knowledge both from their personal stock of relevant knowledge and from knowledge contained in their broader organizational context, such as documentary and social sources. Following the organizational memory literature, we will refer to documentary and social sources as organizational sources of knowledge, in contrast to individual stocks of personal knowledge.
Overall, then, studies on information seeking processes suggest that people seek three types of information (problem, domain, and problem-solving information) from three sources (personal stocks, documentary sources, and social sources) to conduct three types of tasks (automatic information processing, normal information processing, and decision tasks), while seeking to minimize work effort. Normally, people will attempt to retrieve information from their personal stocks. When those stocks are insufficient or demand too much effort, people will supplement relevant knowledge from their personal stock with organizational sources of knowledge including both documentary and social sources.
Knowledge sources, types, and choices Several studies reinforce the point that people draw relevant knowledge from three sources: their personal stocks (Spearman, 1927; McClelland, 1973; Chi et al., 1982; Dochy et al., 1999; Shapiro, 2004; Aguinis and Kraiger, 2009) , documentary sources (e.g., Yates, 1990; Dennis, 1996) , and social sources (e.g., Wegner, 1986; Hollingshead, 1998a; McGrath et al., 2000; McGrath and Argote, 2001) . In turn, the three types of sources differ by the ease of knowledge retrieval at the time of the task. In particular, people may not be able to retrieve relevant knowledge from their personal stocks due to limits on human recall (Bartlett, 1932; Tulving, 1972; Rubin, 1996; Baddeley, 1998) , from documentary sources due to inabilities to determine a match between information needs and information availability (McDermott, 1999; Mohamed et al., 2006) , or from social sources due to inabilities to motivate, coordinate, locate expertise, or gain the trust of other people (Szulanski, 1996; Hollingshead, 1998b; Hollingshead et al., 2001; Lewis, 2004) .
Relevant knowledge can be contrasted as declarative vs procedural knowledge (Herz and Schultz, 1999) and as explicit vs tacit knowledge (Nonaka, 1991) . Declarative and procedural knowledge describe two categories of human knowledge. Bonner and Walker (1994) suggest that declarative knowledge refers to data (knowledge of facts and definitions), whereas procedural knowledge refers to the processes (knowledge of rules and steps needed to perform a task). In parallel, explicit and tacit knowledge describe a continuum of human knowledge. Explicit knowledge refers to the small part of human knowledge that can be coded in words and symbols, whereas tacit knowledge is stored within individuals and often cannot be retrieved without social interaction (Polanyi, 1967; Zander and Kogut, 1995; Grant, 1996; Osterloh and Frey, 2000) . These descriptions suggest that social sources often provide more knowledge than documentary sources, because documents typically do not provide tacit knowledge.
In turn, five factors influence peoples' choice of relevant knowledge from personal, documentary, and social sources: the extent of relevant knowledge available in their personal stocks, the ability to retrieve relevant knowledge from their personal stocks, the difficulty of the task that requires knowledge, prior experience with documentary and social sources, and a person's information seeking strategy. First, the extent of relevant knowledge in a personal stock is determined by a person's cognitive ability (Spearman, 1927) , specific abilities (McClelland, 1973) , and education (Aguinis and Kraiger, 2009 ). Second, a person's ability to draw knowledge from a personal stock depends on personal effort and motivation (O'Reilly and Chatman, 1994) , match between skills and tasks (Tracey et al., 1995) , accountability (Cloyd, 1997) , and ability to recall information from personal memory (Bartlett, 1932; Tulving, 1972; Rubin, 1996; Baddeley, 1998) . Third, complex decision tasks require a rich communication medium that is typical of social sources more than documentary sources (Daft et al., 1978; Bystrom and Järvelin, 1995) . Fourth, prior success with one knowledge source will increase the likelihood of repeated use of that same source (Gerstberger and Allen, 1968) . Fifth, people who seek accuracy or customized solutions will tend to consult social sources more than documentary sources Bystrom, 2002) .
Hypotheses
The preceding discussion of information seeking and knowledge sources leads to four sets of hypotheses. The first hypothesis compares the relative contribution to task performance of relevant knowledge drawn from a decision maker's personal knowledge stock, social sources, and documentary sources. The second hypothesis considers the residual value of documentary sources, particularly when personal stocks and/or social sources are limited. The third hypothesis addresses the potential for diminishing returns in personal knowledge and organizational sources. The fourth hypothesis examines how task complexity moderates the relationship between information sources and task performance.
The hypotheses consider four task conditions within a two-factor framework, based on access to documentary sources and access to social sources (see Table 1 ). In Condition 1, people do not have access to either documentary or social sources (they must rely entirely on their relevant personal stock to accomplish the task). In Condition 2, people also have access to documentary sources (they can gain additional information by reading documents). In Condition 3, people have access to social sources (they can gain additional information by interacting with people who know more about the relevant subjects than they do). In Condition 4, people have access to both documentary and social sources.
First, consider the relative benefits of different sources of knowledge. What we refer to as merit-based arguments suggest that people tend to contribute more than documentary sources to task performance. This rank order will hold true under three conditions. First, people almost always provide a richer communication medium than documents (Daft et al., 1978; Daft and Lengel, 1986) . Second, people can commonly provide tacit knowledge that is otherwise not available from documentary sources (Nonaka, 1991) . Third, people tend to be valuable sources when they can interact with the decision maker to arrive at different action alternatives at both the problem-formulation and problem-solving stages of the task process (Bystrom, 2002) . Moreover, decision makers can provide relevant knowledge to themselves (from their personal stock) and to other people (as social sources). The core implication is that both personal stocks and social sources will dominate documentary sources of knowledge, although we leave any differences between personal stocks and social knowledge as an empirical question.
Hypothesis 1a:
Given multiple sources of relevant knowledge that might contribute to task performance, personal stocks of relevant knowledge tend to contribute more than documentary sources.
Hypothesis 1b: Given multiple sources of relevant knowledge that might contribute to task performance, social sources of relevant knowledge tend to contribute more than documentary sources.
Second, despite the nuanced benefits of personal knowledge and social sources, documentary sources may provide additional valuable information. With the aid of information technology (IT), for instance, firms can pursue a codification strategy and invest in documentary sources to provide high-quality, reliable, and fast-information systems implementation . Moreover, firms also invest in documentary sources to minimize the risks of knowledge loss due to employee turnover (Kransdorrf and Williams, 1999; Boath and Smith, 2004) , reduce the randomness of information sharing by building a structure around organizational knowledge (Walsh and Ungson, 1991; Soo et al., 2002) , and enable the sharing of knowledge among employees without requiring interactions with personal knowledge sources (Sarvary, 1999; Cohen, 2006) .
Prior research has provided few clear empirical measures for such benefits, and firms often rely on anecdotal evidence to provide support for their codification strategies (Cohen, 2006) . What is clear, though, is that documents and technology cannot capture much of the relevant knowledge within a firm (Nonaka, 1991) . Indeed, even much of the knowledge that archives can capture often replicates knowledge that is available from people within the firm (Szulanski, 1996; Olivera, 2000; Donahue, 2001 ). Nonetheless, firms still invest in billions of dollars in software and technology to document, store, and retrieve firm-wide knowledge that duplicates relevant knowledge held by people within the firm (Gilmour, 2003) . In part, such investments reflect risk aversion stemming from minimizing the risks of the loss of knowledgeable people, reducing the randomness of information sharing, and enabling the sharing of knowledge among employees without necessitating an interaction with the knowledge sources. A simplistic conclusion would be that such investments are wasted if such concerns are low. A more nuanced question, though, is whether there is value to investments in documentary sources even holding risk aversion constant.
The integration of the arguments that we discussed earlier suggests two risk-neutral reasons that documentary sources might add value to task performance when competing with people as sources of relevant knowledge. First, documentary sources sometimes provide more reliable information than social sources , which may provide inaccurate information due to the limits of human memory (Rubin, 1986; Rubin and Wenzel, 1996; Baddeley, 1998; Rubin and Siegler, 2004) . Second, social sources may not be willing to share knowledge with people whom they do not know personally (Gilmour, 2003; Leonard and Swap, 2004) or may face limits in a firm's transactive memory system. Nonetheless, whether documentary sources offer substantial residual contributions to task performance once one controls for personal stocks and social sources of knowledge is an empirical question. However, the above logic does support a prediction concerning the relative value of documentary sources when personal stocks or social sources of knowledge are limited. In particular, the value of documentary sources will increase when decision makers lack personal knowledge about a task and/or also lack access to social sources. Such cases are common in practice. Documentary sources are likely to be particularly valuable in this context. We will state a general hypothesis concerning limits to either alternative source of knowledge, rather than attempt to differentiate conceptually between how lack of personal knowledge and lack of social sources affect the benefits of documentary sources.
Hypothesis 2: The more limited a decision maker's personal stocks and/or social sources of knowledge, the greater the contribution of documentary sources to task performance. 
Condition 4
People worked with two other participants with relevant knowledge and three condensed reference manuals
In addition, it is useful to consider whether organizational sources of information (social or documentary) complement or substitute for a decision maker's own knowledge. One possibility is that people can use social and/or documentary sources to integrate with and fine-tune their own personal knowledge in ways that provide increasing returns. If so, then combining personal and organizational knowledge would generate multiplicative benefits on task performance, much as Arora and Gambardella (1990) suggest that internal and external sources of knowledge often offer complementary benefits. By contrast, it may be more likely that much of the organizational information tends to substitute for personal knowledge, even if a potential synergy were available, so that combining personal and organizational knowledge would generate diminishing marginal benefits for task performance. Although there are competing arguments here, the diminishing returns argument appears to present the strongest logic, particularly when decision makers face time pressures that would limit their ability to draw out nuances from different sources and integrate them in order to generate multiplicative value. We will test the hypotheses for both social and documentary sources, in a context with moderate time pressure that will limit but not fully negate the potential to draw information from organizational sources as well as from personal information.
Hypothesis 3:
In the presence of time constraints on decision making, people with access to organizational sources of knowledge (social or documentary) gain diminishing value from their personal stocks of knowledge.
Finally, the relative benefits of different sources of knowledge are likely to differ by task complexity. Complex tasks can be classified by four attributes (Campbell, 1988) , including the presence of multiple potential paths to arrive at a desired end state, multiple desired outcomes to be attained, conflicting interdependence among paths to multiple desired outcomes, and uncertain or probabilistic linkages among paths and outcomes. We draw on this typology for evaluating relative complexity among different tasks.
Prior studies show that people prefer social sources to documentary sources under three task conditions that involve variation in task complexity. First, people prefer social sources to documentary sources when working on normal information processing tasks and decision tasks (more complex tasks); by contrast, they prefer documentary sources when working on automatic information processing tasks, which tend to be less complex tasks (Bystrom and Järvelin, 1995) . Second, people prefer social sources to documentary sources when their tasks require many types of knowledge (more complex tasks); at the same time, they also tend to consult multiple sources when the tasks require many types of knowledge (Bystrom, 2002) . Finally, people prefer social sources to documentary sources when they associate high uncertainty with the tasks (more complex tasks) (Daft et al., 1978; Daft and Lengel, 1986; Bystrom, 2002) . Overall, then, people tend to prefer social sources to documentary sources when they perform complex tasks. Despite any such preferences, though, the existing literature is not clear on whether such human preference for social sources leads to superior task performance.
The prior discussion suggests three reasons that social sources may offer greater task performance benefits than documentary sources. First, social sources can provide a rich communication medium (Daft et al., 1978; Daft and Lengel, 1986) . Second, social sources can interact with the decision maker to arrive at different action alternatives at both the problem-formulation and problem-solving stages of the task process (Bystrom, 2002) . Third, social sources offer tacit knowledge that is otherwise not available from documentary sources (Nonaka, 1991) .
In turn, Campbell's (1988) classification of complex tasks suggests that the more complex the tasks, the more that people outperform documentary sources in contributing to task performance. That is, the greater the task complexity (more potential paths, desired outcomes, interdependence among paths, and probabilistic linkages among paths and outcomes), the greater the benefits of person-based sources. The benefits of personal knowledge stocks and social sources arise because people provide richer communication media, more social interactions between decision makers and information sources, and more effective access to tacit knowledge.
Hypothesis 4a: The more complex a task, the greater the relative contribution to task performance of relevant knowledge drawn from personal stocks of knowledge.
Hypothesis 4b: The more complex a task, the greater the relative contribution to task performance of relevant knowledge drawn from social sources of knowledge.
Methods

Measuring relevant knowledge from multiple sources
We designed a large-scale experiment to measure the performance of business plan evaluation tasks and the relevant knowledge for these tasks that a decision maker could draw from personal stock, documentary sources, and social sources. The tasks required participants to evaluate strategic, marketing, and financial components of four business plans (Jacksack, 1998) . The tasks were represented in 120 multiple-choice questions that the participants completed in an experiment that lasted 11 h.
We measured the relevant knowledge that a decision maker could draw from his personal stock in two ways. First, we made sure there was relevant knowledge in the decision maker's personal stock. We did this by conducting seminars on three business topics -strategy, marketing, and finance -with the participants; all participants were final-year undergraduate university students majoring in business administration in Vietnam. During the experiment, all participants attended a seminar on one business topic (they might also have prior knowledge on all three topics due to their business school education). Second, assuming participants typically had some prior knowledge, we measured the relevant knowledge held in their personal stocks by administering a competency test on all three topics. The questions on the competency test represented three types of information needed for the tasks, including problem, domain, and problem-solving information. An example of a problem information question in our experiment is to determine the critical factors for a successful advertising campaign; an example of a domain information question is to determine a formula needed to calculate the net present value of an investment; and an example of a problem-solving question is to determine a quick way of calculating the net present value of an investment. All competency questions directly corresponded with the tasks that the participants would solve at a later stage. Participants had relevant knowledge from their personal stock for a specific task if they provided correct responses to corresponding competency questions.
We measured relevant knowledge that a decision maker could draw from documentary and social sources based on the two-factor framework in Table 1 . Documentary sources (Factor 1) consisted of three condensed reference manuals on strategy, marketing, and finance. A separate pre-test showed these manuals to be effective in providing problem and domain information needed for the tasks. We coded participants as having relevant knowledge from documentary sources if they were provided with these reference manuals. Social sources (Factor 2) consisted of two other participants who attended the seminars on the topics that the decision maker did not attend. For example, a decision maker was designated as having access to social sources if he attended a seminar on strategy and worked with two other participants who attended the seminars on marketing and finance. Thus, in this experiment, we coordinated training and the experimental factor to create a unique condition where social sources were likely to possess the relevant knowledge (due to recent training) that a decision maker was unlikely to possess (due to lack of recent training). We coded participants as having relevant knowledge from social sources if assigned to work with two other participants, with whom they were permitted to discuss the assigned questions.
Three measures controlled for problems commonly associated with the experimental method, including lack of mundane realism, sampling bias, and weak motivation. First, addressing the desire for realism, we employed finalyear business students to work on tasks in an experiment that lasted 11 h. The tasks represented real-life business plan evaluation questions simulating those faced by an entry-level financial analyst working in a venture capital fund environment. Moreover, the tasks required unique business skills that the participants had acquired in their business school courses. Most importantly, the extended length of the experiment replicated a typical work day for an entry-level financial analyst who would be prone to errors due to normal environmental factors such as boredom, frustration, and exhaustion.
Second, we used random assignment to address the sampling bias issue that could arise when people with a particular skill self-selected themselves into a task environment that suited that skill. For example, without random assignment, social people might benefit from access to social sources more than documentary sources, whereas anti-social people could benefit from access to documentary sources more than the social sources. In addition, we controlled for the individual differences in the sample by conducting 120 trials of the business plan evaluation questions and then later employed a statistical model that examined at the question level both within-subject and between-subject differences captured in these repeated trials.
Finally, addressing potential problems with motivation, we designed financial incentives for the participants to provide quality responses. We paid the participants by both work hours and the quality of their work. Specifically, the participants made money for every correct response, lost money for every incorrect response, and received nothing if they did not provide a response. As described in the next section, the payment could be substantial.
Description of the experiment Sample: Two hundred and forty-six final-year undergraduate students of a top business school in Ho Chi Minh City, Vietnam, participated in the experiment in 2004. Among them there were 72% females and 72% finance majors.
Language: The experiment was conducted in Vietnamese. We prepared the materials in English and engaged the service of professional translators of KPMG Vietnam to translate the materials into Vietnamese. Six faculty members, who taught the seminar topics at the business school where the participants were recruited, doublechecked the content and made changes to the Vietnamese materials for consistency with standard terminology understood by the participants. We then re-engaged the service of the professional translators to final-check the translation, ensuring the key content of the original English materials was not altered before re-translating them back into English.
Compensation: The participants received payment for time and performance. For time, they received 5000 Vietnamese dong (VND) per hour, with VND100,000 if they completed the whole 11 h day. For performance, they received VND1000 credit for each correct response, nothing for blank response, and either VND500 or VND1000 debit for each incorrect response depending on the number of choices presented in the question. Although it was possible to net a negative amount (in case they submitted more incorrect than correct responses), the participants were told that they would not need to make reverse payments. The experiment included 180 objective multiple-choice questions (60 competency questions and 120 business plan evaluation questions). The average performance-based payment was VND48,000. 1 Role, task, and schedule: We asked participants to imagine that they had just secured a job as an entry-level financial analyst (a separate pre-test indicated that 78% of the students at this business school expressed this as their dream job). Their main task was to provide quality responses to 180 questions, including 60 competency questions and 120 business plan evaluation questions. The participants proceeded with the task in three steps. First, they attended a seminar to ensure some relevant knowledge was available in their personal stock. Second, they demonstrated possession of the relevant knowledge in their personal stock by providing responses to 60 competency questions; they could draw on this knowledge to answer business plan evaluation questions later. Third, they evaluated four real-life business plans and provided response to 120 business plan evaluation questions. Table 2 describes the schedule, which lasted 11 h. In the morning, the participants provided demographic information, attended seminars, and took a competency test. Six local business school professors conducted the seminars on the topics of strategy, marketing, and finance using the materials from two popular textbooks (Keown et al., 2001; Kotler and Armstrong, 2003) . The competency test questions came from the instructors' manuals of the textbooks. The questions covered three topics, with 20 questions per topic. Table 3 illustrated sample competency and business plan evaluation questions on the three topics.
In the afternoon, the participants were assigned into the four experimental conditions in Table 1 and evaluated four business plans. Between the business plans, they had breaks and completed surveys on their perceptions about the experiment. In the evening, the participants were debriefed and paid for their work hours. A week later, they received payment for their quality responses.
Experimental manipulations: The experiment followed a 2 Â 2 factor design. The two factors consisted of access to documentary sources and access to social sources. The documentary sources consisted of three condensed reference manuals on strategy, marketing, and finance, drawn from selected chapters of the two textbooks. The social sources consisted of two other participants who had attended the seminars on the topics that the decision maker did not attend. One way of thinking about the participants with access to social sources is that they worked in a cross-functional team of three members; each member had recently acquired knowledge on a topic about which the other two might have knowledge but had not recently updated that knowledge in a classroom setting. Table 4 illustrates this example.
Repeated measures, stratified random assignment, and Latin Square block design: We adopted repeated measurement procedures, stratified random assignment, and a Latin Square block design (Pedhazur and Schmelkin, 1991) to account for possible measurement errors, such as individual differences, learning-by-doing, self-selection, boredom, and exhaustion. The repeated measures procedures were employed in the business plan evaluation tests. The tests consisted of 120 questions, representing 120 repeated trials. The stratified random assignment and the Latin Square block design were adopted in the assignment of participants in three seminar conditions, four task conditions, and four business plan orders.
Randomization involved three steps. First, we randomly assigned the participants into the seminar conditions of Strategy, Marketing, and Finance. Second, we randomly assigned the participants after they attended the seminar into the four task conditions (Table 1) where they stayed throughout the experiment. Third, within each task condition, we randomly assigned the participants into four sub-groups. This random assignment of participants into sub-groups was important because they worked on four business plans that varied by levels of complexity. For example, participants who initially worked on difficult questions may perform worse than those who initially worked on easy questions due to frustration or complacency. Sub-group 1 evaluated the business plans in the order of 1-2-3-4; sub-group 2 evaluated the business plans in the order of 2-3-4-1; sub-group 3 evaluated the business plans in the order of 3-4-1-2; and sub-group 4 evaluated the business plans in the order of 4-1-2-3.
Time pressure and task complexity: The experiment lasted 11 h, giving participants approximately 1 h to answer 30 questions posed in each business plan. In total, the participants answered 120 business plan evaluation ques- tions (i.e., four business plans). Thus, each set of questions faced time constraints. In turn, building on the 1 h time constraint for each business plan, we manipulated task complexity in the selection of the business plans and the design of the business plan evaluation questions, based on two elements of complexity. We selected four plans with different page lengths: 20, 23, 29, and 31 pages, respectively. Our logic was based on the assumption that more pages represented greater complexity. Moreover, we designed 120 business plan evaluation questions with different choices, 50% two-choice questions and 50% five-choice questions. Our logic here was based on the idea that more choices represented greater complexity.
Analysis and results
Model specification and variable description
We employed a generalized linear mixed model (GLMM) , to analyze the responses to 120 business plan evaluation questions provided by 246 participants (N ¼ 29,520 individual questions). GLMM is a multi-level extension to the generalized linear model in which the linear predictor contains random effects in addition to fixed effects, for the different levels of analysis (Breslow and Clayton, 1993) .
GLMM provides robust analysis involving categorical variables when there is both within-subject and betweensubject variation (Hox, 2002; Hanley et al., 2003; RabeHesketh et al., 2005) . To test the hypotheses, we analyzed the data at the question level (within-subject differences) and the individual level (between-subject differences). We used full maximum likelihood method to estimate equation (1). Subscript i indicated analysis of the variables at the individual level and subscript q at the question level. The dependent variable Y iq denoted the participants' task performance at the individual-question-level (i.e., whether individual i provided a correct solution to business plan evaluation question q):
Predictor variables consisted of individual-question level, question level, individual level, and cross level variables. Except for complexity (C), all variables in the equation are dummies. P (Personal) denoted the partici- pant's personal stock of knowledge relative to specific business plan questions at the individual-question level, denoting whether individual i provided a correct solution to a competency test question p that was directly linked to a business plan evaluation question q. C (Complexity) represented a question level variable with values ranging from 1 to 4, representing four degrees of complexity of the question. D (Documentary) and S (Social) are individuallevel variables. In addition, DS denoted a two-way interaction between the documentary and social sources. We also introduced M (Male) as an individual level control variable (in addition to the controls that random assignment provides).
PD, PS, PC, CD, and CS are cross level variables. PD and PS are two-way interactions between the participant's personal knowledge of the business plan question and the task conditions (access to documentary or social sources). PC is a two-way interaction between the participant's personal stock of knowledge of the business plan question and the complexity of the question. CD and CS are two-way interactions between the complexity of the question business plan question and the task conditions (access to documentary or social sources).
Tables 5 and 6 report correlations and summary statistics. The primary covariates are largely independent of each other.
Hypothesis tests
We estimated equation (1) using the 'xtlogit' procedure in Stata 8 (Das et al., 2004) . Table 7 summarizes the regression coefficients of the nested models in exponential form. We interpreted the regression coefficients using the method recommended by Tuma and Hannan (1984) and Long and Friese (2001) .
Model 1 of Table 7 shows that the task performance increased with access to relevant knowledge from the participants' personal stock and from social sources, with social sources providing the greatest benefit (performance also decreases with complexity). These results provide initial support for H1a and H1b, because both personal stocks and social sources contribute more than documentary sources. Performance declines with complexity. In addition, documentary sources have no significant residual value beyond the benefits of personal stocks and social sources; the documentary sources coefficient is insignificant, although positive (b D ¼ 1.09, P ¼ n.s.). However, the results in Model 2 provide a more nuanced understanding of the value of documentary sources that is consistentwith H2.
Model 2 adds the two-way interactions of personal, documentary, and social sources. Three points stand out in this model. First, personal knowledge (b P ¼ 2.01, Po0.01) and social sources (b S ¼ 3.08, Po0.01) continue to contribute to performance, with social sources again having the greatest impact. Second, Model 2 supports H2 (b D ¼ 1.29, Po0.01). The nuance relative to Model 1 is that documentary sources contribute to performance, but only when personal knowledge or social knowledge are low. That is, when Personal ¼ 0 or Social ¼ 0, then the net effect of documentary sources is positive and significant; when Personal ¼ 1 or Social ¼ 1, however, the value of documentary sources deflates to insignificantly levels. To ensure that nonlinearities in the analysis were not driving the apparent results for H2 in Model 2, we also conducted sensitivity analyses that estimated model 1 using sub-samples with P ¼ 0 and P ¼ 1 and with S ¼ 0 and S ¼ 1; we found that documentary sources were positive in the P ¼ 0 and S ¼ 0 sub-samples, while being insignificant in the P ¼ 1 and S ¼ 1 sub-samples, again consistent with H2.
Third, the results in Model 2 are consistent with H3. The addition of documentary sources (b PD ¼ 0.87, Po0.01) or social sources (b PS ¼ 0.63, Po0.01) to personal stocks of knowledge creates a partial substitution of the value of the combined sources, rather than an acceleration of their value, with social sources generating a slightly stronger deflator than documentary sources. Access to both documents and social sources produced neither decreasing nor increasing returns (b DS ¼ 0.81, P ¼ n.s.). We will discuss the diminishing marginal returns in more detail later.
Model 3 adds the interactions of complexity with each of the three knowledge sources. The base results from Model 2 continue to hold. The complexity interaction variables, meanwhile, show that the value of personal knowledge increases with task complexity (b CP ¼ 1.12, Po0.01), as does the value of social sources (b CS ¼ 1.06, Po0.05), consistent with H4a and H4b. Complexity has no significant impact on the value of documentary sources. We found similar results for H4a and H4b when we estimated the models using sub-samples based on different levels of complexity. We also assessed diminishing returns results (H3) in the complexity sub-samples, finding similar results to those in model 2.
The results in Model 3, the most comprehensive analysis, are consistent with all four sets of predictions. The tests of H2-H4 draw directly from the coefficients in Model 3 of Table 7 . The footnote to the table reports the comparative statistics that test H1a and H1b, which compare the impact of personal stocks (H1a) and social sources (H1b) to documentary sources. H1a receives moderate support (Po0.10), while H1b receives strong support (Po0.01). The stronger support for the comparison of social to documentary sources reinforces the earlier point that social sources had particularly strong impact on task performance.
Discussion
The goal of this study was to compare how three forms of organizational memory -personal stocks, social sources, and documentary sources of knowledge -contribute to task performance. Most generally, we find that decision makers benefit most by talking with colleagues, then by drawing on their own knowledge, while turning to books only if they lack colleagues and/or personal knowledge. More specifically, five results stand out: first, task performance increased with social sources and personal stocks, as well as, under more limited circumstances, documentary sources of knowledge. Second, social interaction had the strongest impact, even in the presence of a decision maker's personal knowledge. Third, documentary sources had value only when decision makers lacked personal knowledge and/ or access to social sources. Fourth, social interaction and personal knowledge became more important as tasks became more complex. Fifth, access to multiple sources of knowledge generated diminishing marginal returns in the value of personal stocks of knowledge, rather than creating synergistic increasing returns. We will return to these implications in the discussion section. Overall, these results suggest that people can learn from their own and their organizations' pools of knowledge, yet with real limits to the benefits.
Implications for research
Three implications of the work stand out. First, the fact that social sources contribute more than personal stocks of knowledge is intriguing. The likely reason is that knowledgeable team members provide greater context and opportunity to tease out nuances in discussion than simply relying on one's own knowledge. T ¼ Number of questions (questions). # The min-max numbers for Personal Knowledge outside of the 0-1 range for the within-subject statistics describe the variation of the within-subject 'P ' around the global mean of 'P ' of 0.503.
Second, the fact that having access to documents provided value only when decision makers lacked alternative sources is intriguing. The rationale for the null result is reasonably straightforward: people typically turn to references only when they lack personal knowledge and/or knowledgeable colleagues. Nonetheless, the fact that references do help unknowledgeable or isolated decision makers is encouraging, because it suggests that investment in knowledge management systems and other codification systems can provide value in settings where people do not yet have deep personal knowledge of a problem condition and lack a network of social contacts.
Third, the fact that having access to organizational as well as personal sources of knowledge provides only limited additional benefit from the combined sources highlights the impact of diminishing marginal returns. Particularly when faced with time pressure, having potential access to multiple sources provides few extra benefits and could even lead to negative marginal returns. The fact that social sources generate a somewhat stronger deflator on the value of personal knowledge than documentary sources is fascinating. One possibility that merits additional study is that discussion with partners may sometimes generate sufficient conflict with one's own experience that the discussion overrides the potential value of the personal experience.
In turn, the results help explain two ambiguous empirical findings in the organizational memory literature concerning the effects of employee turnover and firms' investment in knowledge management systems. The first ambiguity is that studies are not clear about the effects of employee 
Note: The GLMM analysis estimates the individual and joint impact of three sources of knowledge (Personal, Documentary, and Social) on task performance (answers to finance, marketing, and strategy questions concerning a business plan), controlling for gender (Male) from a 2 Â 2 factor design experiment that varied access to documentary and social sources for participants with varying levels of personal knowledge. All variables are 0-1 dummy variables, other than Complex (1-4). The model analyzed the data at the question level, controlling for within-subject and between-subject differences.
turnover; some studies show that employee turnover harms firms while other studies find no harm (Argote, 1999) . What we refer to as supply-side and demand-side views of organizational memory help address this ambiguity. From the supply side, employee turnover does not necessarily equate with loss of access to information -firms only lose unique information in control of unique employees who leave the firm. Hence, the effect of employee turnover on performance can be moderated by whether the relevant information held by the departing employee exists in social and documentary sources throughout the firm. We expect little effect if the information exists in documentary or social sources within the firm (especially within social sources) or, potentially, in external sources linked to the firm. From the demand side, users benefit more from social sources than from documentary sources; if this differential creates strong preferences for social sources, employee turnover may cause remaining employees to believe that their performance will suffer, even if viable documentary sources are available. In turn, we expect researchers' choices of performance measures to moderate the apparent effect of employee turnover. In particular, we expect subjective measures to associate with a negative effect, whereas objective measures to associate with other effects driven primarily by supply-side factors discussed above. The second ambiguity is that the literatures are not clear on the performance impact of firms' investments in knowledge management systems (Alavi and Leidner, 1999; Lim et al., 2004) . Some analysts question why firms continue to make these investments even when employees often under-utilize these resources (Markus and Keil, 1994; Carr, 2003; Dedrick et al., 2003) . Again, supply-side and demand-side implications help explain firms' investments and suggest research potential in this area. From the supply side, information stored in a documentary source such as a knowledge management system is not likely to be lost when employees leave the firm. From the demand side, access to documentary sources has greater benefits for task performance than no access. Nonetheless, these positive aspects suggest a potential problem of self-selection bias in research -IT managers and IT consultants with vested interests will likely find evidence supporting investments in knowledge management systems. In particular, we expect positive findings in studies employing subjective performance measures linked to supply-side factors or studies comparing performance of users having access to formal knowledge management systems to those without access to any organizational memory aid.
The results also contribute to our understanding of research on knowledge management strategy. The implications extend current understanding of the micro-processes underlying two common knowledge management strategies: codification strategies and personalization strategies . Codification provides high-quality, reliable, and timely information systems implementation by supporting a people-to-document approach of knowledge sharing. Codification strategies demand investments in documentary sources (i.e., documentation, storage, and retrieval of knowledge within a firm). Such investments enable employees to work independently without interacting with knowledge sources. By contrast, a personalization strategy provides creative and rigorous advice on strategic problems by supporting a person-to-person approach of knowledge sharing. A personalization strategy demands investments in social sources (i.e., hiring knowledgeable employees and promoting their communication of knowledge to other employees within a firm), rather than documenting, storing, and retrieving knowledge. Such personalization investments enable employees to excel at performing their own tasks and providing useful knowledge to less knowledgeable employees. Our results suggest that personalization strategies will often have more impact than codification, but that codification can serve to supplement knowledge sources when access to personal knowledge, whether own stocks or social sources, is not available.
The results then address a follow-up question: Why do employees under-utilize potentially valuable documentary sources? In normal organizational settings, users often have options between documentary sources and social sources of information. On the one hand, documentary sources generate meaningful performance benefits when compared to having no access to any organizational memory aids. On the other hand, documentary sources generate substantially lower benefits when people have alternative sources available. As a result, people may come to underestimate the value of knowledge management systems and under-utilize them when they would provide valuable complements.
Implications for managers
Our results will not surprise some users of organizational memory. We discussed these points with an experienced senior executive of a multinational company, who said (paraphrasing the comments) 'Of course. People typically gain more from discussion with knowledgeable colleagues than they do from relying on their own gut sense, while books are a last resort when you don't have someone in your network to turn to.' Nonetheless, the results are highly relevant for shaping incentives to invest in different retrieval mechanisms. Two important questions arise concerning the tradeoffs associated with investments in social sources and documentary sources. First, social sources are more susceptible to loss due to employee turnover, but they are also more effective than documentary sources; what can managers do to reduce the risk of memory loss associated with social sources? Second, documentary sources are less susceptible to loss due to employee turnover, but they are also less effective than social sources; what can managers do to improve the performance impact of documentary sources.
The first challenge for managers is to reduce the risk of memory loss associated with social sources of organizational memory. Both demand-side and supply-side solutions are possible. The demand-side solution, which seems obvious but is commonly under-utilized, involves creating stronger incentives for inter-personal information sharing among employees, effectively turning unique information available from unique employees into shared information available from multiple employees that the organization retains even when individuals leave.
In turn, the supply-side solution -investing in documentary sources -has been a common but often ineffectual approach; firms have invested uncountable millions of dollars to capture organizational memory in under-utilized knowledge management systems (Markus and Keil, 1994; Carr, 2003; Dedrick et al., 2003) . Nonetheless, our logic identifies situations in which investment in archival knowledge management systems will be valuable. These situations arise surprisingly often, such as when people are assigned to new positions and have not yet built a network of people relevant for those positions. In such cases, access to formal archives of relevant knowledge can provide a stepping stone that helps people undertake their initial activities while they develop their own knowledge base and build personal networks. Moreover, even though social interaction provides benefits in transferring tacit and procedural knowledge, social interaction is often timeconsuming; firms may benefit by investing in archival data in order to help employees start from a common base of knowledge, thereby making social interaction more efficient and effective.
Hence, it is possible that effective knowledge transfer benefits from joint effort in demand-side and supply-side solutions, or might even require such joint effort. This issue provides a useful topic for future research.
The second challenge for managers is to improve the performance impact of documentary sources to rival that of social sources. In part, managers can do this by acquiring advanced technology to augment the performance impact of documentary sources at two levels. At the macro level, technology provides categorical search by bringing information from dispersed locations to the users. For example, computer databases such as ProQuest can bring required articles to users' desktops. However, users still have to search through them to find relevant information. At the micro level, technology provides full-text search by facilitating task processing and enabling users to sieve through available information more effectively. For example, computer search engines such as Google Desktop, Microsoft's 'find,' and Acrobat's 'search' can help users to conduct micro-search of keywords within documents. Users of documentary sources can benefit from technology that simulates an interactive cueing process similar to that occurring among social sources of information. This cueing process can mimic social sources in providing opportunities for transactive memory. The extent of this improvement -whether the documentary sources can rival that of social sources in performance impact -remains open for future investigations.
Limitations and future research These findings have limitations that generate questions for future research. First, it would be useful to examine negative aspects of organizational memory, such as the potential for trapping organizations in sub-optimal past activities. Second, it would be useful to explore the mechanisms by which social interactions generate stronger performance, such as coordination, credibility, and specialization. Third, future studies could investigate whether social sources continue to generate greater benefits than documentary sources if users and sources do not share similar goals and incentives. Fourth, additional research needs to determine whether computer-based archives can overcome the limits of documentary sources. Fifth, research needs to investigate the potential for greater benefits of documentary sources and combinations of knowledge sources for more multi-dimensional tasks than the focused problems in this experiment.
Several other avenues for future research stand out. First, it would be useful to investigate how the results might change if the task required an innovative solution, rather than the application of existing knowledge. Our expectation is that social sources would become even more important in such cases, much as they do with increased complexity. In addition, it is possible that having access to multiple sources of knowledge might generate increasing returns, rather than decreasing returns, when dealing with the need for innovative solutions. Second, it would be useful to investigate conditions under which individuals might use archival data in order to signal their commitment to social interactions with peers and seniors. Third, it would be useful to investigate how variation in the extent of knowledge that social partners hold affects the value of social interactions, in order to determine whether the benefits of social interaction arise primarily from the personal knowledge stocks of partners or from opportunities to discuss potential solutions even if partners lack personal knowledge.
